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Abstract. We report on recent results on nucleon structure that are helping guide the search for 
new physics at the precision frontier. Results discussed include the electroweak elastic form factors, 
charge symmetry breaking in parton distributions and the strangeness content of the nucleon. 
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INTRODUCTION 

The Standard Model has been enormously successful at describing experiments in nu- 
clear and particle physics. The search for new physical phenomena beyond the Standard 
Model is primarily driven by two complementary experimental strategies. The first is to 
build high-energy colliders, such as the Large Hadron Collider (LHC) at CERN, which 
aim to excite a new form of matter from the vacuum. The second, more subtle approach 
is to perform precision measurements at moderate energies, where an observed discrep- 
ancy can signify the existence such new forms of matter. 

The significance of measurements at the precision frontier depends on careful exper- 
imental techniques, in conjunction with robust theoretical predictions of contributing 
Standard Model phenomena. Here we report on some recent progress in nucleon struc- 
ture that is contributing to the low-energy search for new physics. In particular, the 
nucleon electroweak elastic form factors and charge symmetry breaking in parton dis- 
tributions both play a significant roles in precision tests of the weak interaction. In the 
context of ongoing dark matter searhces, improved knowledge of the strangeness scalar 
content of the nucleon is leading to better constrained predicted cross sections. 



QUARK WEAK CHARGES 

At low energies, the weak interaction is manifest in the effective current-current corre- 
lators 

Gp 
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where Gf is the weak coupling constant, and the Ciq denotes flavour-dependence of the 

effective neutral current interaction — at tree level they are simply Cn2)q ~ g^''^\\'^^'^ ■ 
The full couplings are determined within the Standard Model by combining precision 
Z-pole measurements [1] with the scale evolution to the low-energy domain [2, 3]. 



Experimental constraints on the weak neutral current at low energies have been 
rather limited. One celebrated result is the precision measurement of atomic cesium's 
6s — )■ Is transition polaririzability, and the resulting extraction of the weak nuclear 
charge of cesium [4]. The weak charge extraction depends crucially on the precision 
calculation of the atomic wave functions, where the latest theoretical update gives 
Q^' = -376Ci„ - 422Cirf = -73.16(29)exp(20)th [5] — in complete agreement with 
the Standard Model value —73.15(2) [6]. This agreement with the Standard Model is 
depicted by the narrow, almost horizontal (orange) band in Figure 1. 

The cesium measurement places very restrictive bounds on the form of parity- 
violation interactions within new physics scenarios. In terms of a generic contact in- 
teraction describing new physics [3] 



the cesium measurement, at 1-sigma, restricts the magnitude of any new physics contri- 
bution to be less than 



The atomic measurements are mostly insensitive to hadronic or nuclear structure be- 
cause of the small energy transfers involved^ In electron scattering, the neutral cur- 
rent can be probed by measuring parity-violating asymmetries. Given the typical energy 
scales involved, the extraction of the weak interaction parameters also requires knowl- 
edge of nucleon structure. Measurements of this sort date back to the pioneering work 
of Prescott et al. [8] at SLAC, where a parity-violating asymmetry in deep inelastic 
scattering was measured (see the almost vertical band in Figure 1). 

More recently, measurements of the parity-violating elastic scattering asymmetries 
have now been carried out by a number of experiments, including: SAMPLE at MIT- 
Bates [10]; PVA4 at Mainz [11, 12, 13]; and GO [14] and HAPPEX [15, 16, 17] at 
Jefferson Lab. The principal focus of these programs was the study of the electroweak 
form factors of the nucleon, and particularly, the determination of the strange quark 
component of these form factors. 

In addition to the study of the electroweak structure, the kinematic coverage of 
these measurements, together with the standard electromagnetic form factors, provides 
a reliable extrapolation to the 2^ — )■ limit, and thereby an extraction of the proton's 
weak charge [9]. Figure 2 displays this extrapolation, where the observed scattering 
asymmetries (projected onto the forward Umit) are shown. The displayed asymmetry 
has been normalised to give the weak charge of the proton at = 0. The slope of the 
line describes the knowledge of the neutral current form factors. 

The extraction of the proton's weak charge from this modem data improves on the 
earlier results by about a factor of 5 — see the ellipse in Figure 1. Following the generic 
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Though such effects will become increasingly more significant as higher-precision measurements are 
performed, see Ref. [7], for instance 
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FIGURE 1. Summary of experimental determination of the weak charges of quarks [9]. The Q-weak 
band indicates the anticipated precision of the experiment currently in progress, drawn arbitrarily in 
agreement with the Standard Model. 
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FIGURE 2. Scaled parity-violating asymmetries measured on a proton target, projected onto the 
forward-angle limit. The normalisation is selected such that the ^ limit describes the weak charge 
of the proton, = — 2(2Ci„ +Ci^). 



contact interaction described above, the observed agreement with the Standard Model 
sets the characteristic mass scale to above ~ 2TeV (at 1-sigma). 

CHARGE SYMMETRY BREAKING IN PARTON 
DISTRIBUTIONS 

With the improved technology and expertise gained in performing the precision mea- 
surements of the electroweak elastic form factors, there are now plans to revisit parity- 
violation in DIS [18]. This program is proposing to improve the precision of the early 
SLAC measurements of Prescott et al. by roughly an order of magnitude. 

The new Jefferson Lab program is aiming at a sub-1% measurement of the PVDIS 
asymmetry from deuterium. With possible contributions from supersymmetry, for ex- 
ample, estimated to be as large as ~ 1% [19], this program is just at the threshold of a 
Standard Model test^ — provided Standard Model corrections are well understood. 

One of the potentially largest hadronic corrections to the physics asymmetry is that 
arising from charge symmetry violation (CSV). Based on the phenomenological extrac- 
tion by Martin et al. [20], the 90% confidence level bounds on CSV lead to ~ 1.5-2% 
variations in the PVDIS asymmetry [21]. At typical kinematics of the JLab program, 
such fluctuations appear to be more significant than other possible corrections, such as 
higer twist [21, 22] or target-mass corrections [23]. 

With CSV (potentially) at the scale of ± 1 .5-2% of the PVDIS asymmetry, a precision 
measurement could provide the best direct measurement of charge symmetry violation in 
parton distributions. While such a measurement would be of great interest for hadronic 
physics [24, 25], it will disguise any signature of new physics. Fortunately lattice QCD 
offers the opportunity to constrain this hadronic physics independently. In a recent 
study, lattice calculations of the hyperon quark momentum fractions have been used 
to extract charge symmetry breaking in nucleon parton distibutions [26]. These results 
suggest CSV in the quark momentum fractions of ~ 0.20 ± 0.06%, corresponding to a 
~ 0.4-0.6% correction to the PVDIS asymmetry. Importantly, the statistical precision 
represents an order of magnitude improvement on the bounds reported in Ref. [20]. 

With future work to constrain the systematics of the lattice calculation of CSV and 
continued theoretical development in higher-twist and target mass corrections, men- 
tioned above, there is a strong case that the PVDIS program at JLab will be able to 
provide an important new low-energy test of the Standard Model. 

We also note that the lattice result of [26] also makes an important contribution to 
the famous NuTeV anomaly [27]. Whereas the original report of a 3-sigma discrepancy 
with the Standard Model assumed CSV to be negligible, the value extracted from the 
lattice acts to reduce this discrepancy by 1-sigma. The remaining 2-sigma also appear 
to be naturally described within the Standard Model as a nuclear medium modification 
effect [28, 29]. 



Of course, in conjuction with other low-energy measurements, correlations can enhance the significance 
of possible new physics Umits. 



STRANGENESS SCALAR CONTENT 



The strange quark condensate in the nucleon is of particular significance in the current 
search for dark matter. The relatively large coupling of strange quarks to condidate 
dark matter, combined with a typically large uncertainty in the strangeness sigma term, 
have led to considerable variation in the predicted cross sections for direct detection 
measurements [30, 31]. 

The traditional method for extracting the strangeness sigma term in the nucleon, 
Os, uses the observed hyperon spectrum in conjuction with the pion-nucleon sigma 
term [32, 33]. Even with a perfect extraction of the light-quark sigma term and best- 
estimates of higher-order corrections [34], this method is limited to an uncertainty in Og 
of ~90MeV [35]. 

Advances in lattice QCD calculations now provide significantly better constraint on 
the strangeness sigma term [35]. There is general consensus that the strangeness sigma 
term is on the small side of early estimates [36, 37, 38, 39, 40, 41] — with a couple 
recent hints that it may not be quite so small [42, 43]. 

A small strange quark sigma term leads to a dramatic reduction in the uncertainties of 
dark matter cross sections [44]. For a range of candidate supersymmetric models of dark 
matter, the predicted cross sections are found to be substantially smaller than previously 
suggested. 
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